Introduction
In a previous paper, Wooden et al. (2012) describe the identification, development and testing of suitable measures of cognitive ability for inclusion in wave 12 of the HILDA Survey. As reported on there, three measures were proposed for inclusion. That recommendation was subsequently approved by what was then the Australian Government Department of Families, Housing, Community Services and Indigenous Affairs (now Department of Social Services).
In this paper the data on cognitive ability collected in wave 12 are examined. Specifically, I: analyse willingness to participate (as reflected in item response); examine the evidence on the performance of the measures and the extent to which scores were influenced by external circumstances, interview mode, and interviewers; report summary descriptive data; and present cursory evidence on the extent to which the measures are predictive of outcomes, and more specifically the hourly wage among working-age employees. The paper concludes with a summary of issues that researchers should be aware of when using these data.
The Measures
The three measures of cognitive ability included in wave 12 of the HILDA Survey were: (i) Backwards Digit Span; (ii) Symbol Digits Modalities; and (iii) a 25-item version of the National Adult Reading Test. A paper representation of the script used to administer these tasks is provided in Appendix A. Note, however, that almost all interviews in wave 12 of the HILDA Survey were administered using computer-assisted methods 1 , and hence there may be small differences between the paper representation provided here and the much longer and more complex script that is generated for computer delivery.
Backwards Digit Span (BDS)
Backwards Digit Span is a test of working memory span. It features in many traditional intelligence tests, including the Wechsler Adult Intelligence Scales. It involves interviewers slowly reading out successively longer strings of single-digit numbers and asking participants to repeat those strings in reverse order. Respondents are given two chances at each length or level. When the respondent gets one trial correct at a level, the first trial at the next level is administered. If the first trial is incorrect, the second trial is administered. If both responses at the same level are incorrect, the test is discontinued. The longest sequence administered is eight digits.
The format used in the HILDA Survey is taken directly from the Brief Test of Adult Cognition by Telephone (BTACT), which was developed for the second wave of the Midlife in the US (MIDUS) study (Lachman & Tun 2008) . While this version was developed specifically for telephone administration, the test was originally intended for administration in a face-to-face setting.
Symbol Digits Modalities (SDM) 2
The Symbol Digits Modalities test was originally developed as a screening measure for cerebral dysfunction, but has been widely used in broader settings as a general test for divided attention, visual scanning and motor speed (Strauss et al. 2006, p. 617) . It involves participants matching symbols to numbers using a printed key. The score is the number of items correctly matched within a 90 second time interval. The task can be administered either orally or in written form. For the HILDA Survey we adopted the latter approach. It is not suitable for telephone delivery (given the presence of the printed key that has to be handed to the respondent just prior to the task commencing) and so was not administered to any respondents interviewed by phone. Further details about the test, including a copy of the test answer sheet, can be found in the test manual (Smith 2007) .
National Adult Reading Test, Short-Form (NART25)
The National Adult Reading Test (NART) is a reading test of 50 irregularly spelled words, listed roughly in order of difficulty, which is intended to provide an estimate of pre-morbid intelligence. The value of the test lies, in part, in the high correlation between reading ability and intelligence in the normal population, with numerous studies reporting moderate to high correlations between NART performance and measures of intellectual status (see Strauss et al. 2006) . Indeed, scores on the NART are designed to predict scores on the WAIS-R intelligence test. Further details about the test rationale, as well as procedures for administration and scoring are provided in the test manual (Nelson 1982) .
A major impediment to the inclusion of cognitive ability measures in the HILDA Survey is the time taken to complete them. As summarised in Wooden et al. (2012) , for the wave 12 pre-test (or Dress Rehearsal) a total of five measures were included, with the total time taken averaging almost 18 minutes for any respondent who completed all five tasks. We were thus compelled to remove measures (the proposed category fluency and number series tasks were not included in the main survey instrument) and to consider how administration of the remaining tasks could be made more time effective. We thus used the data collected from the pre-test sample to estimate parameters from item response theory models to determine whether a word list half the length of the original NART could be administered that would retain measurement properties similar to the original. A 25-item version (NART25) was found to be highly reliable, as measured by Cronbach's alpha (0.89) (which compares with 0.92 for the full test), and highly correlated with the 50-item version (r=0.97). 3 The NART25 was thus administered in wave 12.
The NART was designed to be administered to persons aged 18 years or over, though in Australia seems to have been mainly used in studies of older populations (e.g., Kiely et al. 2011) . In the HILDA Survey, however, we applied no additional age restrictions, and hence test participants include persons as young as 15 years.
An obvious weakness with the task is that it is only intended for persons who can read English. Indeed, a person who cannot read any English will be unable to undertake the task. It is thus not an appropriate measure of intelligence for non-English language speakers or for persons whose reading ability has been seriously compromised by injury or illness. Nevertheless, given we are also interested in reading ability in its own right, there are still good reasons to administer the task to non-native English language speakers in the HILDA Survey sample. That is, we anticipate that NART scores could also double as a measure of functional literacy.
The task involves participants being presented with a word card and instructed to read out loud each word. Interviewers then record correct pronunciations, with the total correct providing the score. Slight variations in pronunciations due to regional accents are acceptable. Again it is not easily delivered over the telephone, and hence was only administered to HILDA Survey respondents interviewed face-to-face.
For the HILDA Survey, pronunciations that are regularly used in not just Australia (as reflected in the Macquarie Dictionary), but also in the UK and the US, were permitted. That said, only five of the words from the list of 25 were determined to have acceptable multiple pronunciations.
Administration of all tasks required additional time and resources to be devoted to interviewer training. This was particularly important with respect to NART25, the administration of which places considerable burden on interviewers to identify correct and incorrect pronunciations. Previous research on the NART indicates that inter-rater reliability is actually very high -typically above 0.88 (Strauss et al. 2006, p. 196 ). However, it is possible that the test administrators used in those other studies are very different to the average interviewer employed on the HILDA Survey.
Task Participation
Summary data describing the number of responding sample members in wave 12 who were invited to complete each task, the numbers agreeing, and the number of valid scores that were generated are presented in Table 1. A total of 17,476 persons were interviewed in wave 12 of the HILDA Survey, but five of these persons terminated the interview prior to the section on cognitive ability tasks, which was placed very close to the end of the interview. A total of 17,471 persons were thus invited to participate in the BDS task. For the other two tasks the initial sample is smaller given persons interviewed by telephone were not given the option of participating; 1383 persons were interviewed by telephone in wave 12 (7.9% of the sample).
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Respondents then had the option of opting out from each task. In addition, it was not possible to administer some tasks to some respondents given an inability to understand the instructions. The numbers of non-participants, however, were relatively small, and hence task participation rates were very high; 95% to 96%. The number of valid scores obtained is slightly lower again due to some persons not completing the task in full (because of interruptions or because of an unwillingness to continue) or because the interviewer reported that the respondent received outside assistance. This reduced the measured participation rates by a further one to two percentage points, to 93 to 94%.
While task participation rates are very high, non-participation may still be problematic if the relatively small group of non-participants is markedly different from the participating group. In particular, we might expect that persons with cognitive deficits to be both less able and less willing to complete the tasks. These expectations appear to be confirmed in Table 2 , which reports task participation rates by selected respondent characteristics: sex, age, educational attainment, origin (or more specifically whether born in Australia or overseas, and if the former, whether an Indigenous Australian, and if the latter, whether English was their first language), and various self-assessed measures of ability.
Thus we can see that participation rates are lowest among sample members who: are elderly; did not complete high school; have work-limiting long-term health conditions; are Indigenous Australians; did not speak English as their first language; and generally regard their skills in either speaking English, reading English or mathematics as poor compared to the average Australian. Clearly non-random selection effects are at work. The effects also seem to be more acute with respect to the NART25, where the ability to recognise at least some English language words is a precondition of participation.
However, while the differences reported in Table 2 are, with the exception of sex, always statistically significant, many could be argued to be relatively modest in size. That is, task participation rates are still very high for most groups. For example, while participation rates are significantly lower among persons aged 75 years or older, almost 88% of this group still participated in the BDS and NART25 tasks, while a smaller, but still sizeable fraction (82%) completed the SDM task. Further, the groups where participation rates are very low, such as persons with severe disabilities and persons who speak or read English poorly, represent a relatively small fraction of the total sample.
Finally, I also examined whether the likelihood of task participation was related to a respondent's HILDA Survey participation history or to the interview situation. No evidence of any strong statistical association between the number of times a respondent had previously responded to the survey and rates of task participation could be found. Similarly, differences in participation rates between members of the original sample and members of the top-up sample introduced in wave 11 were very modest, and most likely due to the higher incidence of recently arrived immigrants in the latter group. I thus have chosen not to report results for these variables in Table 2 . Table 2 , however, does report participation rates differentiated by both survey mode and survey location. Unsurprisingly, interviews that are conducted outside the home (e.g., on the doorstep) are less conducive to task completion. The same is true of interviews conducted in other places (e.g., cafes, public parks). Nevertheless, it is again true that even in these less favourable circumstances, task participation rates are very high. And again it must be remembered that the vast majority of interviews are conducted inside respondents' home (or if a telephone interview, with respondents who are at home).
The evidence also suggests that the presence of another adult while the interview was being conducted had an inhibiting effect on task participation, with task participation rates being three to five percentage points lower when someone else was present. 
Multivariate Analysis
All of the conclusions drawn above are based on simple cross-tabulated data. I thus next tested whether these conclusions were robust within a multivariate framework where all of the observed characteristics are controlled for simultaneously.
Since the outcome variables -identifying participation in each task -are all dichotomous variables, logistic regression was employed. Results (estimated logit coefficients plus standard errors) are presented in Table B .1 (in an Appendix). For each outcome variable, I present results from two specifications; one which controls for interviewer effects (specification B) and the other which does not (specification A).
The results broadly support the earlier conclusions, with relatively low rates of task participation among persons with work-limiting long-term health conditions, with poor English language skills, and who did not complete high school, and with interview conditions (the presence of others and the location of the interview) also playing a role. There are, however, some interesting differences and nuances.
First, the negative effect of age only kicks in at a very old age, and even then there is no diminished rate of participation in the NART25 by age. This is consistent with the notion that participants are more likely to participate in these tasks if they believe they will fare well -as we will see later, scores on the NART25 rise with age.
Second, the effects of severe long-term health conditions on task participation are very large, with the implied relative odds of participation (or odds ratios) varying between just 0.14 and 0.22.
Third, the lower rate of task participation among Indigenous Australians is only significant (and pronounced) for the NART25, suggesting that it is discomfort with English literacy skills that was the main deterrent to Indigenous respondents.
Fourth, while controlling for interviewer effects does not fundamentally alter the pattern of estimated coefficients, the magnitude of some estimates change considerably. As an aside, note that when controlling for interviewer effects we may also be capturing the influence of location-specific factors on task participation, since the face-to-face interviewers are typically assigned to specific neighbourhoods.
Cognitive Ability Task Scores

Descriptive Statistics
Summary descriptive statistics for the scores on each of the three cognitive ability tasks are presented in Table 3 . The scores for each are derived as follows:
 Achievement on the BDS task is reflected in the highest number of digits correctly recalled and repeated in reverse order and is usually scored as the length of the longest correct sequence, and thus can take the values 0 and 2 to 8. It is recommended here, however, that a value of 1 be subtracted from all positive scores, resulting in a variable with a range of 0 to 7.  As described earlier, the NART25 requires correctly pronouncing 25 irregularly spelt words from a card (as judged by trained interviewers), and hence the score is just the number of correctly pronounced words. Scores obviously can range from 0 to 25.  Also as described earlier, the SDM task involves matching numbers to symbols using a keycard. The score is simply the number of correct matches achieved within a 90-second time frame.
As the statistics in Table 3 indicate, all of the tests have properties that suggest distributions that are close to normal. BDS scores have a distribution that is somewhat skewed to the right (top half of the distribution), while scores on both NART and SDM are slightly skewed to the left (the bottom half).
Further, while all test scores are positively correlated with each other, the size of that correlation is not so large to suggest that any of the tasks are redundant. This can be seen in Table 4 , where the simple correlations are in the range of .2 to .4. The smallest correlation is between SDM and NART (.21), suggesting these are the least substitutable. However, once age is held constant, this correlation almost doubles in size. I next checked whether cognitive ability scores vary in expected ways with both age and education level. Thus in Table 5 , data on mean scores cross-classified by both age group and a crude (binary) indicator of educational attainment are presented. As expected, scores on the three tasks are positively correlated with educational achievement, with persons with university qualifications averaging the highest scores within all age groups (and for all tests) and persons who did not complete Year 12 (or its equivalent) averaging the lowest scores. Also evident is that persons with trade qualifications (Certificate level III or IV) invariably score worse than persons who completed Year 12 but did not go on to obtain any post-school qualification.
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It can also be seen that the scores exhibit very clear associations with age. BDS and SDM both tend to decline with age. This is especially pronounced in the SDM task. The decline in performance on the BDS task, on the other hand, only starts to become pronounced once people enter retirement years (that is, from age 65). In contrast, scores on the NART25 typically rise with age. These divergent patterns are entirely in line with expectations and reflect the types of ability / intelligence -and specifically the distinction between fluid and crystallized intelligence (Cattell 1971 ) -that are intended to be captured by these measures. Fluid intelligence is the capacity to think logically and solve problems independent of acquired knowledge. Crystallized intelligence is the ability to use skills, knowledge, and experience. The former is expected to be closer to innate endowments, and will deteriorate at older ages. In contrast, the latter improves with experience and hence with age. The BDS and SDM tasks were expected to be much more closely associated with fluid intelligence, while NART25 is expected to tap into one aspect of crystallized intelligence. Note: * Cell includes very few cases (<20) and hence mean score for these cells not reported.
Also as expected, task scores vary with a sample member's background, and more specifically with whether English was their first language and with their self-assessed fluency in English. This should be evident from the patterns in mean scores reported in Table 6 . Not surprisingly, the differences are most marked with the NART25, given this is only a valid test of (verbal) intelligence if the respondent is a native English speaker. Native English speakers fared best on this task, though interestingly native English-speaking migrants fared noticeably better than their Australian-born counterparts. And scores decline rapidly with the level of proficiency in English speaking.
For the other two tasks, differences by origin, conditional on speaking English at least "very well", are not pronounced. However, scores again drop markedly for persons with lesser levels of self-assessed English language ability, despite the fact that performance on the tasks involved did not depend on good English language skills (though some functionality in the English language will have been necessary in order to comprehend the task instructions). Note: * Cell includes very few cases (<20) and hence mean score for these cells not reported.
Influence of External Circumstances
Ideally, each of the three tasks should have been administered in a quiet environment with no one else present, but in surveys conducted in private homes this is often not possible. Indeed, around 24% of all interviews were conducted with someone else present at the time the cognitive ability tasks were conducted. 6 Moreover, and as shown in Table 6 , the presence of others during the interview was associated with a lower score on all tests, suggesting the presence of others may often have been a distraction. The magnitude of these differences, however, while always statistically significant, is only of any size for the NART25. Further, it does not necessarily follow that these differences imply the presence of others had a causal influence on task performance. For example, the NART25 is the only test where the presence of children is associated with markedly lower scores when compared with being interviewed alone. But scores on the NART25 tend to rise with age, while persons with young children are often relatively young themselves. It thus may be that part of the observed difference in scores is nothing more than an age effect -that is, persons in households where other persons are present (and especially children) are relatively young and thus likely to score not as highly on the NART25.
More illuminating may be data collected from interviewers on whether performance on each task was adversely affected by any significant distraction or disturbance. Such distractions, of course, could be due to a wide range of events or circumstances, which might occur with or without the presence of others in the home (for example, the respondent answering a phone call). The summary data reported in Table 7 suggest that such disturbances were relatively uncommon, affecting between 3% and 8% of respondents, depending on the task. More importantly, the mean scores on both the BDS and SDM tasks were not significantly lower among persons reported as being affected by a disturbance. Only performance on the NART25 seems to have been seriously affected by disturbances, and in this case the proportion affected was relatively small (just 3.1% of task participants). Note: ** indicates that the difference in means is significantly different from zero at the 99% confidence level. Note: ** indicates that the difference in means is significantly different from zero at the 99% confidence level.
Mode and Location Effects
As noted earlier, while the large majority of interviews are conducted face-to-face within the respondent's home, there are departures from this norm, raising the possibility that scores might be sensitive to both mode and location. Most notably almost 8% of interviews are conducted by telephone, and while telephone respondents were not administered either the SDM or NART25 tasks, they were asked to complete the BDS task. The potential problem, here, however, is there is greater scope for participants to write numbers down as they are read out, which would lead to superior scores on this tasks.
As can be seen from Table 8 , the telephone respondents do score better on average, but the difference, while statistically significant, is quite small (especially if we only focus on persons interviewed while at home). However, if some telephone respondents had been writing down the numbers as they were read out to them, we would expect the differences to be entirely concentrated at the upper end of the distribution; that is, we would expect many more telephone respondents to be able to correctly repeat in reverse order the longest string (8-digits). These expectations are confirmed. While only 5.1% of participants interviewed face-to-face achieved the top possible score, more than double (11.1%) that proportion of telephone interviewees successfully completed the longest sequence. Unless selection into telephone interviews is strongly correlated with ability, this large difference, combined with the relatively small difference in mean scores, is strongly suggestive of "cheating" by a small subset of the telephone respondents. Otherwise the mean BDS scores do not seem to vary much with interview location, consistent with the notion that the BDS task is relatively simple to administer and only requires a place where the respondent can concentrate for a short period. The notable exception is persons interviewed in their workplace, whose mean score is notably above the sample mean. This almost certainly reflects the characteristics of persons who are likely to opt for an interview at their workplace -mostly managers and professionals -rather than any inherent feature of the location.
Very differently, mean scores on both the SDM and NART25 tasks are significantly lower among persons interviewed outside the home (i.e., at the door or in the yard) when compared with persons interviewed inside their home. This is consistent with the expectation that tasks administered outdoors will generally be less conducive to high scores than interviews administered indoors.
Interviewer Effects
An issue of concern, especially for the NART25, is the possibility that test scores are correlated with interviewer ability. A simple test of interviewer ratings conducted during interviewer training prior to the wave 12 pre-test revealed relatively poor performance on the full NART, with interviewers averaging two incorrectly scored items each, but with a number of notable outliers (the maximum number of errors was 14) all of whom were not native English speakers.
Identifying interviewer effects, however, is complicated by the fact that respondents are not randomly distributed across interviewers. Interviewers are allocated workloads that are geographically clustered and hence mean ability scores when averaged across interviewers will be affected by any factor that is both correlated with location and ability (e.g., socioeconomic status). Thus we do expect systematic variation by interviewer, but because of factors that are correlated with location, rather than because of systematic biases caused by the interviewer.
However, we can take advantage of the strong likelihood that the scope for interviewer effects is considerably reduced in some of the tasks. Most obviously, the Symbol Digits Modalities task is largely completed by the respondent with minimal interviewer involvement. The interviewer's only responsibilities are to read out the instructions and to monitor compliance with the 90 seconds time limit. We would expect very little of the observed variation between interviewers in SDM scores to be due to variance in interviewer ability or testing methods.
In Table 9 , the results from a simple one-way analysis of the variance in cognitive ability scores where the independent variable is interviewer identity are reported. The data used are restricted to test scores collected in face-to-face interviews and only from interviewers that conducted a minimum of 10 interviews (n=144). As can be seen, relatively little of the variance is due to differences in scores between interviewers. It is less than 5% for the BDS task, less than 7% for SDM task, and just under 12% for the NART25. As expected, interviewer effects are largest for the NART25, which might suggest that inter-interviewer reliability in scoring is not as good as desired. That said, the proportion of variance explained by between-interviewer effects is much smaller than recorded in the pre-test (17.9%), presumably reflecting the additional efforts put into interviewer training. Further, it also seems likely that NART scores will be much more affected by factors associated with location (such as age and socio-economic status) than the other two cognitive ability tasks. 
Do Variations in Task Scores Simply Reflect Variations in Motivation?
A final measurement concern is the extent to which scores reflect differences in respondent motivation and effort. While these tasks are intended to test respondents' abilities, the tasks are not being administered under test conditions where respondents have incentives to perform as best they can. To test the extent to which this is so, correlations between task scores and a crude measure of achievement motivation (derived from data collected in the self-completion questionnaire) are examined. On the assumption that task motivation is highly correlated with underlying achievement motivation, sizeable correlations between a measure of achievement motivation and cognitive ability task scores might indicate that the ability tasks are contaminated by differences in the motivation and ability to perform well (though that said, it should be recognised that achievement motivation may itself be a function of ability).
The achievement motivation measures used were multi-item scales based on the work of Lang and Fries (2006) . The intent was to measure the twin constructs "hopes for success" and "fear of failure". Scale construction began with nine items scored on a 7-point disagree / agree scale. 7 As expected, principal components analysis extracted two factors with eigen values greater than one from the responses to these nine items, with the items all loading highly on the expected factor (loadings of .62 or higher) and lowly on the other factor (no loadings greater than .18). Strong support thus exists for the construction of two independent scales, one measuring hopes for success (and comprising four items) and the other measuring fear of failure (and comprising five items). Simple additive scales also prove to be highly reliable, as measured by Cronbach's alpha (.84 for the fear of failure scale and .74 for the hopes for success scale). Further, the correlation between the two is relatively modest -just -.25.
Correlations between these motivation scales and the cognitive ability task scores are presented in Table 10 . As can be seen, ability scores are correlated with achievement motivation, but the two dimensions have opposite effects: persons with strong desires to achieve score better on the tasks while those who fear failure tend to score worse. While no causal interpretation can be placed on simple correlations, these findings are more consistent with reverse causation. If motivation promotes better task scores then we would have expected both hopes for success and fear of failure to be positively correlated with scores. In contrast, if the causation runs from ability to motivation, then high ability persons would typically be expected to both favour situations where they are challenged and tested and to be relatively less likely to fear failure. The latter interpretation is the one that is consistent with the data. Finally, the magnitudes of these correlations are very small, and typically decline further once other likely covariates are held constant. So even if there is a direct causal effect, it may be relatively unimportant.
Multivariate Analysis
But are the conclusions reached in the preceding discussion robust once the various correlates of task performance are simultaneously controlled for? I thus again estimated regression models that control for a range of characteristics describing both the respondents and their interview situations. Least squares regression methods were used, which in theory require the dependent variables to be continuous. This is not true for any of the three outcomes. All are discrete variables, and in the case of both the BDS and NART25, scores are constrained to lie within pre-determined ranges. The linear regressions estimations reported on here, therefore, should be treated as rough approximations, and not too much emphasis should be placed on the precise magnitudes of the estimated coefficients.
The detailed results are again presented in Appendix B (see Table B2 ), and confirm the patterns observed in the descriptive data with respect to age, health conditions, origin, English speaking ability and education.
The estimates also confirm that the presence of someone else while the task was being conducted had a negative influence on the performance on all three tasks, though again the size of these effects seem to be quite small. And again we can see that interviewer observations about task performance being adversely affected by significant distractions or disturbances only appear to be reflected in significantly lower scores on the SDM task.
Interview mode and location effects again are found to be small or absent, with telephone interviews associated with a slightly better performance, on average, on the BDS (but bear in mind the caveat that these effects are likely to be concentrated on a relatively small group of "cheats" for whom the differential will be much larger), and with interviews conducted outside or at the door having a significantly deleterious effect only on NART25 scores.
Finally, the two achievement motivation scales exhibit significant associations with all three outcomes, with the pattern of signs more consistent with the notion that motivation is a function of ability rather than the contrasting hypothesis that motivation directly affects task performance.
Cognitive Ability Measures and Real World Outcomes: The Case of Labour Earnings
The final feature of this paper is the consideration of the importance of these proxy measures of cognitive ability for real world outcomes, with the analysis reported below focussing on just one such outcome -hourly wages.
Cross-sectional wage equations are estimated, which take the form:
where the dependent variable is the log of the hourly wage (W), constructed here as the gross estimated usual weekly labour earnings divided by usual weekly hours of work 8 , X is a vector of individual characteristics assumed to be related to earnings, and Z includes the measures of ability.
Again the estimation approach used is very simple -linear least squares regression. It would, for instance, be fairly straightforward to pool observations across all 12 survey waves and estimate panel data models, but which still allow for time-invariant regressors (e.g., random effects models). Additionally, no attempt has been made here to account for the potential selection bias arising from the fact that wages are only observable for persons in employment. The conventional approach to this problem is to estimate a selection model which simultaneously estimates an equation for the probability of employment. This, however, is not straightforward since it can often be difficult to identify variables that will satisfy the necessary exclusion restrictions. The results reported on here thus do not necessarily generalise to the wider population.
For purposes of this estimation, the sample is restricted to employees (where a person who is an employee of their own business is defined to be self-employed and hence out of scope) aged between 15 and 64 years. Any employees who are also full-time students at the time of interview are also excluded. I further excluded any cases where the value on the dependent variable seemed extreme. These boundaries, which admittedly are somewhat arbitrary, are $8 and $300 per hour. This resulted in the loss of 65 and 4 cases respectively from the sample, as just defined. The list of variables for inclusion in the X vector is potentially quite long given the richness of the HILDA Survey data. In the most detailed specification, controls are included for:  sex;  age (five-year age categories);  marital status;  the presence of a long-term health condition differentiated by whether it is work limiting or not; 8 In the HILDA Survey the questions on hours of work specifically request respondent to include all hours of work, including both paid and unpaid overtime. Further, if queried, interviewers are instructed to advise respondents that this include work performed both in the home and at home, and that time "on call" is not considered usual work hours.
9 At the time wave 12 of the HILDA Survey was conducted the Federal Minimum Wage (FMW) was $15.96 per hour. The presence of employees reporting much lower hourly rates of pay in the HILDA Survey data reflects: (i) the presence of substantially lower minima for junior employees, apprentices / trainees and workers with a disability; (ii) the construction of hourly pay here using all reported working hours and not the standard weekly hours as specified in awards or agreements; (iii) non-compliance with award regulations; and (iv) reporting and measurement errors.
 origin (with three dummy variables included identifying whether the respondents is an Indigenous Australian, born overseas with English as their first language, and born overseas but with English not their first language);  English language speaking ability (dummies which separate persons who speak a language other than English at home into three categories based on their self-assessed ability to speak in English);  education (seven dummies identifying different levels of attainment);  length of tenure (years) with the current employer (and its square);  years of experience in the current occupation (and its square);  union membership;  contractual employment status (with two dummies identifying casual and fixed-term contract employment, respectively);  employment through a labour-hire firm;  occupation (dummies identifying 47 sub-major occupation groups are included); 10  industry of employer (dummies identifying 81 industry subdivisions are included); 11  sector of employer (with dummies included for public sector and private noncommercial);  size of employer (with dummies included to identify firms with less than 20 employees and firms with 500 or more employees); and  the two achievement motivation scales described earlier (which might be thought of as measures of aspects of non-cognitive ability).
The estimated coefficients on the three ability variables from a series of different specifications that include progressively more controls are reported in Table 11 . Also reported is the impact of the inclusion of these three variables on the adjusted R 2 from the inclusion of the three cognitive ability variables, which provides a measure of the proportion of variance in the dependent variable that is explained, or accounted for, by these three explanatory variables.
In row 1 of this table are results from an equation that only includes the three cognitive ability variables. Together they account for just over 9% of the variation in hourly wages, but with the SDM test not significant. Further, the magnitude of the estimated coefficient on the BDS variable is very small, with a one standard deviation variation in the BDS score contributing to only a 1.4% difference in wages. In contrast, a one standard deviation variation in the NART25 score is associated with a 13.6% wage differential.
Once we account for demographic variables, such as age, sex and origin (row 2), the coefficient on the SDM task score increases in magnitude and becomes statistically significant, while the coefficient on the BDS task score becomes insignificant. These changes appear to be mainly driven by accounting for variations across age groups in the different task scores. But most importantly, the additional variance in wages explained by the cognitive ability variables declines to just 5.2%. .002** (.001)
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Notes:
1. All samples restricted to employees (and exclude any owner managers of incorporated enterprises) aged 15 to 64. Also excluded are full-time students, and any cases with outlying values on the 2. * and ** denote statistical significance at the 95% and 99% confidence levels, respectively. Not surprisingly, this proportion declines even further with the inclusion of controls for education (row 3), given as we have already seen, cognitive ability and educational attainment are highly correlated. The cognitive ability measures now explain just 1.3% of the variance, and the magnitude of the estimated coefficients, especially on NART25, become even smaller. Inclusion of yet further controls (rows 4 through 6) reduce further the estimated contribution of the ability variables, though the additional decline is very small. I also examined whether the effect of cognitive ability on wages might vary with the sex, age and education level of the workers. These results are reported in rows (7) through (14), with each specification including the complete set of controls. As should be apparent, the estimated wage effects of cognitive ability seem to be relatively robust to sample definition and selection, though statistical significance may decline (which mainly reflects use of smaller samples). There is, for example, no evidence that returns to ability vary with gender, as was found in an analysis of German panel data (Heineck and Anger 2010) .
As a final check, I also tested for non-linearities in the relationship between cognitive ability and wages by replacing the scores with categorical valuables that sorted respondents according to where their scores placed them on the distribution (using the entire responding sample) based on quintiles. This made very little difference, with our conclusions entirely unaffected, and hence no results from this model are reported here.
Overall, the results presented here are disappointing, and indicate that:
(i) only two of the three ability measures (SDM and NART25) are significantly associated with wages (at least once age is controlled for); (ii) cognitive ability explains just 1.3% of the variance in wages once demographic and human capital variables are controlled for, and as little as 0.5% after conditioning on job characteristics (such as occupation and industry); and (iii) the estimated impacts of both the SDM and NART25 on wages are relatively small, with a one standard deviation in test scores associated with less than a 3% wage differential, conditional on personal and job-related characteristics.
Nevertheless, these conclusions are broadly consistent with findings from at least some previous international research and hence should not be entirely unexpected. Cawley, Heckman and Vytlacil (2001) , for example, analysed data from the US National Longitudinal Study of Youth, which includes cognitive ability measures that are far superior to those included in the HILDA Survey, and concluded that the fraction of wage variance explained by cognitive ability was modest. 12 In their case, measured cognitive ability explained between 14% and 19% of wage variance in the absence of most controls. But once education and work experience were controlled for, this fell to between 0.7% and 2.7%. Our most comparable estimate, of 1.3% (from the row 4 specification), falls within this range.
One point of departure is the separability of the cognitive ability measures from education. Cawley et al. conclude that the correlation is so high that the two are inseparable. In contrast, the inclusion or exclusion of cognitive ability has relatively little effect on the estimated returns to education in the wave 12 HILDA Survey data. That said, the estimated penalty to low levels of education (not completing at least Year 11 of high school) is much smaller when conditioning on cognitive ability.
Finally, and in line with other recent research (e.g., Heineck & Anger 2010) , the estimated returns to non-cognitive skills are not much affected by the inclusion of measures of cognitive ability. This is reflected both in the results of the most complete specification reported in Table 11 (row 6), which includes the two achievement motivation scales, and in further analyses where I merged in data from wave 9 of the survey when data were collected, as part of the SCQ, on personality.
Described in more detail in Wooden (2012) , a trait descriptive adjectives approach was used in both waves 5 and 9 to measure the Big Five personality traits -emotional stability, extroversion, openness to experience, agreeableness and conscientiousness. Multi-item scales measuring each of these dimensions are provided as part of the data set. These measures (from wave 9) were thus included in the wage specification (in the place of the two achievement motivation scales).
13 Only agreeableness and conscientiousness were found to exhibit statistically significant associations with hourly wages, with more agreeable workers facing a wage penalty while, as we would expect, more conscientious workers receiving a premium. The addition of the three cognitive ability measures, however, again had little effect on the estimated returns to these non-cognitive attributes.
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Conclusions
The inclusion of measures of cognitive ability in the HILDA Survey was approached with a good deal of intrepidation, in part because of concerns about adverse reactions from sample members. It does appear, however, that such concerns were largely unfounded, with rates of task participation extremely high (over 95%), and feedback from interviewers that the large majority of respondents found the tasks a welcome change from the usual 'boring' questions that are asked very year.
While rates of participation were very high, non-participants were not a random group. Users of these variables may therefore need to give consideration to the creation of weights that adjust for non-random selection, both into face-to-face interviews (for the SDM and NART25 tasks) and into consenting to task participation.
Task administration seems to have been relatively straightforward, but nevertheless the fact that the tasks were not administered in a classroom-type setting could mean task scores were affected by outside influences. In particular, I find evidence of scores being significantly affected by the presence of someone else during the interview, the location of the interview, whether there was any significant distraction or disturbance while the task was being administered and, in the case of the BDS task, the interview mode. While the effects of each of these outside influences could be judged to be quite small, it may be wise to take them into account when working with the data.
Task scores can also be affected by the interviewer. This is especially problematic for the NART25, where interviewer judgment is required in determining whether a response constitutes a correct answer. Dealing with this, however, is relatively straightforward, provided users are not also interested in location-specific variations in task performanceinterviewer effects will be correlated with location effects.
Task performance might also be affected by motivation, and a priori this might be expected to be most problematic for the SDM task where there is a time limit on task completion. The evidence does indeed suggest task performance is correlated with measures of achievement motivation, but is also more consistent with causation running from ability to motivation rather than the reverse.
Finally, I presented summary results from a simple regression-based examination of the association between the cognitive ability measures and hourly wages (among working-age employees). The results were rather disappointing. While two of the three measures were significantly associated with wages in multivariate models, the overall contribution of these measures to explaining the variation in wages was very small. More specifically, they appear to add very little to a model that already includes traditional human capital variables, such as measures of educational attainment, and nor is there much evidence that the estimated rates of return to education or to observed non-cognitive skills (such as motivation or personality) are much affected by the omission or inclusion of the cognitive ability measures. (3, 4, 8, 1, 6) 1 2 5a 5, 3, 9, 4, 1, 8 (8, 1, 4, 9, 3, 5 ) 1 2 5b 7, 2, 4, 8, 5, 6 (6, 5, 8, 4, 2, 7) 1 2 6a 8, 1, 2, 9, 3, 6, 5
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